We aimed to determine the prevalence of drug and polydrug use in people living with HIV in Austria for the first time for which a two center cross-sectional study was performed. Participants were recruited from consecutive patients during their regularly scheduled visits. In total 438 participants were included in the analysis. For this study we used paper-pencil and online-based questionnaires. The prevalence of illicit drug use was 60.5%; with cannabis use at 31.5%, nitrates at 31.5%, sildenafil/tadalafil at 24% and cocaine at 14%, being the most used substances. Use of more than one substance (polydrug) in drug users was 69.4% or 42.0% in the total study population. Younger age, male gender, and living in an urban area were associated with drug use. Moreover, drug use during clubbing and sex, HIV therapy non-adherence and younger age were associated with polydrug use. Drug users reported condomless sex in 42.4% and performing sexual acts they would not do sober in 44.1%. Results indicate a high prevalence of illicit drug use in PLWHIV in Austria. New research focusing on illicit drug use in PLWHIV should focus on the use of substances during sex and surrounding practices.
. However, problems of illicit drug use go beyond the increased risk for condomless sex and may have relevant clinical consequences for PLWHIV who are on ART due to adherence problems. A particularly high adherence level is necessary to avoid resistance against antiretrovirals and keep the effectiveness of ART in desired levels 20 . Furthermore, illicit drug use has been found to be a factor of non-adherence by causing temporary cognitive impairment or by drug-drug interaction causing potentially toxic side effects, on the other hand also limiting the effectiveness due to shared metabolic pathways 21, 22 . Illicit drug use, especially cocaine, amphetamines, methamphetamines, heroin and morphine have been also known to increase the HIV replication and cause epigenetic changes in brain tissue, which can further have a synergistic effect and accelerates neural injury and cognitive impairment [23] [24] [25] . Most studies dealing with the issues of illicit drug use in PLWHIV are solely focused on the MSM population. A recent review on the recreational drug use in PLWHIV in Europe included 13 studies, however only two studies investigated PLWHIV in general (without any additional factors such as specific comorbidities or use of the same medication) 26 . The same review noted high use of recreational drugs in Europe with even higher prevalence in PLWHIV as well as more use of new drugs (such as ketamine, mephedrone, gamma-hydroxybutyrate (GHB), etc.) and those associated with sexual practices.
In terms of prevalence of drug use in the general adult population, Austria is in the mid to lower part of the EU range, with use in 2015 being reported for cannabis at 6.4%, 0.4% for cocaine, MDMA and amphetamines respectively 9 . Long term analysis shows a slight increase in cannabis use, however in general the use of illegal drugs in Austria is concentrated among young adults (aged 15-34) with males reporting higher prevalence 9 . Prevalence of illicit drug use among PLWHIV in Austria has not been investigated so far. The primary aim of this study was to describe the prevalence of illicit drug and polydrug use in a sample of adult PLWHIV and their associations with socio-demographic, HIV related and lifestyle factors.
Results
A total of 683 patients matched inclusion criteria and 452 (66.1%) agreed to participate. Response rate varied between the centers with center "A" reaching 72.6% (318 approached and 231 agreed) and "B" reaching 60.5% (365 envelopes given and 221 filled out). Further 14 questionnaires needed to be eliminated from analysis as nine filled out less than 50% of the needed questions, four indicated they were not HIV positive and one indicated being 17 years old, leaving 438 participants available for analysis. Significant differences were found between study centers, where center "A" had older participants (45.80 (12. 03) v 41.24 (9.66); p < 0.001) with more years passed since HIV diagnosis (13.81 (8.35) v 9.89 (7.40); p < 0.001). In center "B" there were significantly more participants who used drugs (71.1% v 50.0%; p < 0.001) as well as polydrug users (74.2% v 62.7%; p = 0.046).
Our sample consisted of predominantly male, self-identifying homosexual men of high educational level living in urban areas. The sample was stratified by drug use over the past 6 months, where 39.5% (173) participants were classified as non-drug users and 60.5% (265) as drug users. There were significant differences between non-drug and drug users observed in age, sex, sexual orientation, place of residence, mean duration of HIV status and mean duration of ART. Participants classified as drug users were further categorized as monodrug (30.6%; 81) or polydrug (69.4%; 184) users based on the number of drugs they indicated taking within the last 6 months. Significant differences were observed only in age and duration of HIV status (Table 1) .
Drug use. Participants classified as drug users mostly used up to 4 different substances in the past 6 months.
Illicit drugs were used less frequently with most of the sample indicating use on a less than monthly and monthly basis. Most used drugs were cannabis and amyl nitrates ("poppers") followed by sildenafil/tadalafil and cocaine, with the most frequent reason being "for more sexual stimulation". Accordingly, most drugs were used at home or during sex. Information on drug use can be found in Table 2 and Figs 1 and 2. Three percent (9) of participants indicated experiencing side-effects of ART (mostly reported as nausea, vertigo and profuse sweating) consuming ART and drugs and 21.1% (32) said they adjust the dose of ART in preparation for taking drugs, with 49.8% (131) being aware of potential interactions between ART and drugs. Overall 66.7% (176) reported enjoying taking drugs and 73.9% (195) felt their knowledge on drugs was sufficient. Twenty three percent (62) of participants felt that drugs have a negative influence on their life. Not surprising, a significant difference was seen in the univariate analysis whereby polydrug users more frequently reported enjoying taking drugs (77.2% vs 42.5%; p < 0.001) but also more frequently indicated that drugs have a negative influence on their lives (27.7% vs 13.8%; p = 0.024). Polydrug users were also more often non-adherent to their prescribed ART regimens (28.8% vs 3.8%; p < 0.001). In terms of sexual behavior under the influence of drugs, polydrug users reported more condomless sex (51.6% vs 21.3%; p < 0.001) and doing sexual practices they would not do sober (51.4% vs 27.5%; p < 0.001).
Variables associated with illicit drug and polydrug use. According to the multivariate logistic regression analysis older age, female gender, uncertainty about HIV transmission mode, and residing in a smaller community up to 5000 residents were less associated with drug use (Table 3) .
Older age was also significantly negatively associated with polydrug use, while drug use during clubbing, during sex and ART non-adherence were positively associated with polydrug use (Table 4 ).
Discussion
Our study showed the prevalence of illicit drug use among PLWHIV who visit outpatient HIV treatment clinics in Austria to be at 60.5%. This result is threefold higher than the lifetime drug use prevalence in adults in Austria, which is reported at 20.2%, and almost ten times higher than the point prevalence (which was reported at 6.4%) in the general adult population in 2015 9 . Due to differences in sample characteristics as well as investigated periods there is a great variability in reported prevalence between various studies investigating drug use in PLWHIV 26 . For instance Peretti-Watel et al. on a large sample of PLWHIV in France report prevalence of 28.6% over the last 12 months, while a recently published study on a Spanish PLWHIV population reports a prevalence level of 44.2% over the last 12 months 27, 28 . High prevalence was also reported among AIDS patients 29 .
Illicit drug users in our study population were significantly younger and more often male. Older age and female gender were also found to be associated with less risk of drug use, whereby female participants were four times less likely to report illicit drug use, which was confirmed in similar studies 19, 27 (Table 3) . One reason might be the overall lower prevalence of substance use in women, which may be linked to various cultural circumstances 9, [30] [31] [32] . Furthermore, drug users lived more often in urban areas and in the multivariate model residence in a smaller community was associated with two times less drug use (Table 3) . Reasons for this might be easier availability of illicit drugs in larger communities; however, data on this is inconsistent 9, [32] [33] [34] . Additionally, participants who reported drug use had significantly shorter periods of using ART and living with a seropositive status, which might be explained by their younger age. We also observed an effect of not knowing the exact mode of HIV transmission. Differences in HIV transmission mode concerning illicit drug use have been seen in other studies 27 ; however, there is no clear reasoning of this result in literature. One reason might be giving more socially desirable answers or lower educational level found in this group, which was reported to be associated with overall lower drug use 35, 36 . A potential reason for such an overall high prevalence might be due to our study sample, where more than 80% of male participants self-identified as bisexual or homosexual (Table 1) . When looking into studies that measured prevalence only in HIV positive MSM, our results are still high but more similar to those findings 11, 18, 19, [35] [36] [37] . The ASTRA study, one of the largest studies done on recreational drug use in this population reported a 51% prevalence of recreational drug use in the last 3 months, while Hammoud et al. reported illicit drug use in more than half of their participants in the last 6 months 11, 19 . Similarly to our result, a US based study reported overall prevalence of 60% in the past 3 months 36 . However, even in MSM focused studies prevalence varies considerably with some studies reporting prevalence at around 20% 35, 38 , while a study by Drumright et al. reported prevalence at 71.7% 39 .
In terms of most frequently used drugs; cannabis and nitrates ("poppers") were reported as two most commonly used substances, followed by sildenafil/tadalafil and cocaine (Fig. 1) . The most frequently used drug in the general adult population in Austria in 2015 was cannabis, however the reported prevalence is almost 6 times lower in comparison to our study population. Considerable differences were also found in other drugs where 2015 adult prevalence for cocaine, amphetamines and MDMA consumption was 0.4%, which is 29 times lower than in our findings 9 . In a recent Spanish study, Garin et al. similarly report cannabis use at 68.5%, sildenafil 28.3%, nitrates 31.5% and cocaine 45.5% among PLWHIV respectively 27 . Additionally, reported use of MDMA in drug users was the same in both our studies. Use of sildenafil and nitrates is contraindicated due to increasing cardiovascular effects 40 , however high prevalence of these substances is reported across studies, with some studies like ours reporting very high prevalence 16, 27, 39, 41 . Drugs associated with "chemsex" and "slamming" (injecting drugs during or before sex); mephedrone, GHB, MDMA and ketamine were also considerably more prevalent in our study in comparison to others 11, 27 (Fig. 1) . The prevalence of intravenous use at around 18% is also significantly more than in other studies (Fig. 2) 
19,27
. This finding may also be due to a high number of MSM subpopulation in our study sample and as almost 3/4 of our participants indicated using illicit drugs for more sexual stimulation. Both "chemsex" and "slamming" have been identified as practices related to higher risk of condomless sex and HIV transmission in MSM 10, 19 . In our study, participants who use illicit drugs noted engaging in condomless sex and in sexual acts they would not do sober in more than 40% (Table 2) . Studies indicate that with having good adherence levels almost completely diminishes the possibility of HIV transmission, however there is still considerable risk of HIV transmission among people who are unaware that they are HIV positive or haven't received therapy long enough to reach HIV suppression. These are the settings where practicing safe sex is still incredibly important 42 . Using two or more substances during the last 6 months was classified as polydrug use and was found in our study at 42% in the total study population and 69.4% among drug using participants, which is considerably more than other studies 19, 27, 36, 39 . Even though polydrug use is often noted as problematic in PLWHIV, the newest report from the European Monitoring Centre for Drugs and Drug Addiction states polydrug use as problematic in the general young adult population 9 . Differences between mono-and polydrug users were only found in terms of age, where polydrug users were significantly younger than monodrug users and had a shorter time span living with a (Table 1) . Condomless sex and preforming sexual acts one would not do sober were also significantly associated with polydrug consumption (Table 2 ). In contrast to other studies that reported an association between increased polydrug use with increased prevalence of condomless sex, or generally showed an association between high risk sexual behavior and illicit drug use 16, 19, 27, 38 , we did not find such an association in our multivariate model. However, polydrug use was significantly negatively associated with older age, and positively associated with drug use during clubbing and during sex (Table 4) .
Twenty one percent of our participants reported not being adherent to their prescribed ART regime when using or planning to use drugs (Table 2) . Literature shows that adherence is not a stagnant mono-dimensional issue but a dynamic process influenced by many variables. This means that individuals show both times of high and also very low adherence depending on favorability of life circumstances 43 . A meta-analysis of studies on adherence in PLWHIV who use drugs showed an overall optimal adherence in 60% of participants (similar to PLWHIV who do not use drugs) but indicated that studies with a larger investigated time frame showed more variability in adherence than studies with a shorter time frame 44 . Active drug use was found to be associated with adherence problems in other studies as well where non-adherence was also found to be more prevalent in polydrug users, which in our study carried an 8 times higher risk for polydrug use in the multivariant model 19, 27, [45] [46] [47] . Reasons for this may be due to the disruptive influence of illicit drugs on the daily rhythm or due to neural damage that leads into cognitive problems as some illicit drugs cause neural damage and contribute to higher viral replication that causes additional tissue damage [23] [24] [25] 46 . In terms of ART a particularly high adherence level of over 85% is necessary to achieve viral RNA suppression in patients receiving ART 20 . However, some studies indicated that even though illicit drug use is associated with adherence problems it does not necessarily bring clinical complications 19, 27 . In terms of non-adherence and drug use in PLWHIV, most studies focus on unintentional non-adherence because of intoxication 29 . Interestingly, other studies showed purposeful discontinuation with prescribed therapy when planning to use illicit drugs out of fear of potential toxic side effects 48 . However, while potential side effects may possibly frequently occur, more evidence is still needed 21 . In contrast, our participants felt they were knowledgeable on issues concerning drug use and were aware of potential side effects. Nonetheless, one fifth were found to be non-adherent (Table 2) , however, this might not lead to clinical manifestations as most of our participants who use drugs reported drug use on a monthly level, which might indicate relatively short bouts of non-adherence (Fig. 2) . From a perspective of public health this might indicate that disease based campaigns aimed at increasing individual's ability to protect themselves may not be effective. Rather campaigns ought to take into consideration the broader social context and help in strengthening and mobilizing community resources. Such approaches have been cited as having a positive role in changing harmful social and cultural norms 49 . This is of particular importance as hard drug users have higher odds of developing AIDS related conditions or dying even after controlling for adherence issues 29, 50 . Finally, study limitation should be addressed. Overrepresentation of male and MSM participants may prevent generalizability of our results, however our study populations is representative of the PLWHIV population in an extramural setting in Austria. Although the response rate was quite good, a selection bias might have occurred, with people taking illicit drugs being more likely to participate in the study compared to non-responders. Using self-reporting questionnaires may lead to reporting bias in terms of wanting to give more socially desirable answers, which even in light of this very high prevalence might still be underreported. Due to logistical issues we did not gather clinical information (CD4 cell counts, viral load etc.) which prohibits their correlation with drug and polydrug use. Additionally, having problems with remembering over the past 6 months may lead to some data distortion. Lastly, cross sectional study design does not allow causal relations.
In conclusion, prevalence of illicit drug use among PLWHIV in outpatient care in Austria is high, with polydrug use being especially commonplace which suggests a large, and until now, an unknown problem in Austria. The results of our study contribute to the growing literature that point to the emerging issues of substance abuse among the PLWHIV. Our results indicate that PLWHIV who use illicit drugs feel knowledgeable about HIV and drug use, which might indicate that public awareness campaigns aimed at increasing knowledge, might not be effective. In light of emerging sexual behaviors such as chemsex and slamming, public health effort should focus on community empowerment and mobilization interventions aimed at younger, urban and male HIV positive people. Further research should focus on identifying fundamental forces that are associated with polydrug use, as well as longitudinal studies that would allow for temporal and causal information.
Methods
Participants. Our study participants consisted of patients who visited their chosen HIV outpatient treatment clinic in Vienna, Austria between the 1 st of December 2016 and 1 st of June 2017. Patient recruitment was done in two centers; one being a hospital-based outpatient clinic and the other an outpatient group practice. In order to minimize potential selection bias, participants were chosen from consecutive patients that came for their regular visits to the outpatient clinic and were asked to participate if they matched the inclusion criteria (over 18 years old, serologically confirmed HIV infection) and were included once informed consent was given.
Methods. The study was designed as a multicenter cross-sectional study. Due to structural differences between centers, we employed two different ways of gathering data; a standard paper-pencil (in center "A") and an online based platform (in center "B"). In center "A", after the consultations with the physician the patients that matched the inclusion criteria were asked to participate in the study. They were explained the study aims and if agreed they were given the study questionnaire to fill out. For the purposes of the study, a room where patients could fill out the survey in privacy was allocated. The patients sealed the questionnaire in an envelope, which was deposited in a locked cabinet by the study team. A member of the study team was present and was able to help with any issues that might have risen during the filling out of the questionnaire. In center "B", patients, following a consultation, were asked to participate and if agreed they were asked to choose a plain white envelope from a box. Inside the envelope was a letter from the study team with the link to the questionnaire together with a unique code that allowed access. For additional convenience, the questionnaire could have been accessed via smartphone or tablet for which we supplied a QR-code. After the code was used and the participant accessed the questionnaire, the code became invalid, which allowed response rate calculations and prevented multiple entries. The codes were computer generated and there was no way for the study team or the clinic staff to link the individual patients and their code. Also, only the questionnaire answers were saved on a secure server without any personal information. Throughout the online questionnaire, a hyperlink with an email address to the study team as well as a telephone number were available in order to answer any potential questions. After June 1 st 2017, the online questionnaire was no longer active and the data containing only answers to the questionnaire were downloaded by the research team. The paper-pencil data were delivered in sealed envelopes and opened by the research team, who had no contact with patients at the study centers and could not link the individual patients to their respective questionnaires. 1. HIV-related questions: questions regarding HIV mode of transmission, CD4+ cell count, duration of HIV status as well as type of ART and years spent on therapy used were asked. 2. Questions on drug use: questions concerning types of drugs used, frequency of use, reasons of use, sexual behavior during drug use, personal feelings on drug use, problems when taking ART and drugs, adherence to ART medication, disclosure of drug use to their HIV physician etc. were asked. Participants were asked if they used drugs over the past 6 months and if yes which ones, following by a list of 17 substances that were also written under various slang names in order to improve understanding. Illicit drugs included in the study were: mephedrone, cannabis, methamphetamine, 3,4-Methylenedioxymethamphetamine (MDMA), ephedrine, heroin and other opiates, ketamine, cocaine, lysergic acid diethylamide (LSD), piperazine, amphetamine, benzodiazepines, magic mushrooms, amyl nitrates, tilidine, sildenafil/tadalafil and gamma-hydroxybutyrate (GHB). Self-reported non-adherence to HAART was assessed with the question: "When you use drugs do you skip your HIV medication?", with participants who answered "yes" and "sometimes" being classified as non-adherent. 3. Socio-demographic questions: questions on socio-demographic characteristics (age, gender, residence, place of birth, level of education, relationship status) of the study populations were asked.
Questionnaire.
Due to "skip-logic pattern" in both the paper-pencil and online questionnaires the time needed to complete the questionnaire was between 3 and 12 minutes with mean duration being around 7 minutes.
Participants who answered that they used drugs within the last 6 months were classified as drug users; additionally those that indicated using more than one drug within the same period were classified as polydrug users. Furthermore, eleven participants indicated that they used only sildenafil/tadalafil in the past 6 months, which were prescribed by their chosen physician; therefore, these participants were not classified as drug users.
Statistical analysis. Descriptive statistics were performed for each variable. In case of normal distribution, quantitative variables are shown as mean values and standard deviation and qualitative variables as frequency and percentage. Differences in frequencies of categorical variables were calculated using the Chi-square test and t-test for unpaired samples was used to determine differences between mean values.
In order to determine which variables were associated with drug and polydrug use we performed a multivariate logistic regression model. Based on the results of the Chi-square test and t-test all variables with a cut off value of p < 0.2 were included in the multivariate model. For the model on drug use (Table 3) variables are shown in Table 1 , while for the polydrug use model (Table 4) variables are presented in Table 1 and in the text of the results section. We used a stepwise backwards elimination model where the results of the Wald test for individual parameters were examined for each variable. With each regression step, the least significant variable was removed from the model with only those variables associated with drug and polydrug use with a p value under 0.05 being kept in the final model. All p-values below 0.05 were considered statistically significant. The analysis was performed using the SPSS 24.0 statistical software.
Ethical consideration. The Data availability. The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request.
